Abstract: Professionals in the field of deaf-blindness are challenged to use instructional practices that have been tested using experimental methodology. Single-subject design has been examined as a form of research that assists in substantiating practice. In a review of the literature, the authors identified 54 single-subject studies from 1969 to 2006 that provided emerging evidence for practitioners.
The emphasis of the federal government on research, demonstrated outcomes, and evidence-based practices has challenged professionals in the field of deafblindness, along with all special education professionals, to conduct studies that substantiate practice that is based on scientifically recognized research designs . It is widely recognized that there have been few experimental studies of effective practices with people who are deaf-blind (Ronnberg & Borg, 2001; Vervloed, van Dijk, Knoors, & van Dijk, 2006) . In their review of research on deaf-blindness, Ronnberg and Borg (2001) concluded that the lack of research in the field of deaf-blindness was due to the heterogeneity in the lowincidence population, methodology required by experimental designs, and scientific obstacles of studies.
In the United States, the 1964 -65 rubella epidemic, which preceded Public Law 94-142-the Education of All Handicapped Children Act of 1975, now known as the Individuals with Disabilities Education Act (IDEA)-created a need for practitioners and educators in all service systems to meet the diverse needs of the large population of children with deaf-blindness caused by congenital rubella syndrome (CRS), a number unlike any that had been served in U.S. educational systems in the past (Enerstvedt, 1996) . Enerstvedt described the exigence created by that new population of children with multiple disabilities and the federal government's response in creating regional centers, as well as specialized programs, to respond to the overwhelming needs of an educational system within a short time frame. The need to begin educational services expediently for children who were born with CRS provides a contextual understanding for the lack of emphasis on experimental studies with children who are deaf-blind and the number of articles that were written by practitioners who were challenged to meet the unique needs of this burgeoning population.
Current national policies, such as the No Child Left Behind Act of 2001, which emphasize that teachers' practices must be validated through the use of scientific measurement, present specific problems for the larger field of special education and the low-incidence field of deafblindness. The broad-based public dialogue on the conceptualization of science within the field of education has led to recognition of the importance of multiple methodologies creating a blend of descriptive research and experimental designs (Gersten et al., 2004; Shavelson & Towne, 2002) . Odom et al. (2005) discussed the challenges of applying the "gold standard" of research to lowincidence disability fields because of the heterogeneity of students in educational settings. Low-incidence fields that seek to create a body of evidence for using specific teaching strategies that are based on experimental designs may find singlesubject designs more feasible for reasons beyond heterogeneity, geographic spread, and diversity of contexts. Horner, Carr, Halle, Odom, and Wolery (2005) described the cost-effectiveness of conducting single-subject studies in comparison with large randomized clinical trials. Finally, the quality indicators for singlesubject research of the Council for Exceptional Children (CEC), as outlined in Horner et al., provide guidance for systematically examining studies for evidence of effective practices.
Historians have described the elements of the field of deaf-blindness by examining its roots in the fields of blindness, deafness, and multiple disabilities (Enerstvedt, 1996) . Deaf-blindness is a unique field because it relies on practices from the aforementioned disciplines to meet the complex communication and service needs of individuals with diverse conditions. Demographic data offer an accurate picture of the wide-ranging span of abilities and needs of children and adults who have combined vision and hearing loss (Helen Keller National Center, 2005; National Technical Assistance Consortium, 2005) . The field of deaf-blindness has long been challenged to develop educational programming that is relevant to people who have a broad continuum of needs and abilities (Baldwin, 1992) . Information on the educational placements and community settings for adults and children who are deaf-blind also presents challenges to researchers who would design studies on the basis of equivalent groups to conduct group designs. While striving to serve a heterogeneous population with a wide geographic spread, educators and rehabilitation professionals have been challenged to produce evidence of research-based practices with a research methodology that may be impossible for the field of deaf-blindness to use: randomized clinical trials. The use of single-subject research methods to evaluate interventions may be a viable option for demonstrating best practices. Numerous studies have been conducted using single-subject designs in the field of deafblindness. However, no review has analyzed the literature in this area. The purpose of the study presented here was to provide an overview of studies on persons with deaf-blindness that have used a single-subject research design. The following questions were answered in this study: 
Method
Studies were identified primarily using the publications database of DB-LINK (the National Information Clearinghouse on Children and Youth Who Are DeafBlind) and through consultation with DB-LINK's information specialists. In addition, computer searches were conducted using PsycINFO, ERIC, and Academic Search Premier to identify studies using the following terms: deaf-blind studies, dual-sensory impairment, single-subject, intervention, and research in deafblindness. Articles that were included in this review met several criteria: the studies were published in peer-reviewed journals, included participants who were deaf-blind, focused on some type of intervention or teaching practice, and used the single-subject design methodology. The studies that were identified were grouped into major themes on the basis of the dependent variables (target behaviors) that were identified in each study.
INTERRATER AGREEMENT
A rating form was created on the basis of the CEC quality indicators for singlesubject studies and included the following variables: descriptions of participants, settings, study design, independent variables, dependent variables, and social validity . The first and third authors independently rated 30% of the identified studies. Interrater agreement was calculated by dividing the number of agreements by the number of agreements plus disagreements and multiplying by 100. The interrater agreement was 100%.
Results
Fifty-four studies that met the criteria for single-subject designs were identified for the years 1969 -2006. All 54 studies were conducted with people with deafblindness who had additional physical or cognitive disabilities (such as mental retardation, developmental delays, or orthopedic impairments). The studies were grouped into four themes on the basis of these dependent variables: behavior, communication, daily living, and vocational skills. Each area was analyzed in terms of designs, interventions, and emerging patterns.
BEHAVIORAL STUDIES
Of the 27 articles on the theme of behavior, 17 were published from 1969 to 1985, 7 were published from 1986 to 1995, and 3 were published from 1996 to 2006. Several researchers wrote multiple articles in this theme area. Most of the research settings were residential or institutional. Of the 36 participants who were included in these studies, 18 were aged 12-21, 13 were aged 5-11, and 5 were older than age 22. One-third of the participants were identified as having CRS; other etiologies were prematurity and Waardenburg syndrome. Designs in this category included multiple baseline, withdrawal or reversal, changing criterion, multielement, and AB.
The treatments were far ranging. Some independent variables that were used in these studies were nonaversive olfactory conditioning (Gross, 1994) , noncontingent sensory reinforcement (Sprague, Holland, & Thomas, 1997) , splints (Oliver, Hall, Hales, Murphy, & Watts, 1998) , a protective helmet with psychotropic medication (Luiselli, 1991) , continuous protective equipment (Parrish, Aguerrevere, Dorsey, & Iwata, 1980) , praise or attention (St. Lawrence & Drabman, 1984; Umbreit, 1997) , time-out (Luiselli, Myles, & Littman-Quinn, 1983) , and tokens (Luiselli, 1984; Van Hesselt, Hersen, Egan, McKelvey, & Sisson, 1989) . Other independent variables included overcorrection (E. J. Barton & LaGrow, 1983 ), responding to behavior as communication (Durand & Kishi, 1987) , differential reinforcement of other behaviors (L. Barton, 1984; Luiselli & Greenidge, 1982; Luiselli, Myles, Evans, & Boyce, 1985; Parrish, Iwata, Dorsey, Bunck, & Slifer, 1985; Sisson, Van Hasselt, & Hersen, 1993) , differential reinforcement of lower rates of behavior (Luiselli & Lolli, 1987) , continuous reinforcement with praise and edibles (Yarnall, 1979 (Yarnall, , 1980 Yarnall & Dodgion-Ensor, 1980) , reinforcement and sign language prompts (Sininger & Yarnall, 1981) , contingency awareness using a vibrating level switch (Bailey & Meyerson, 1969) , response interruption (Luiselli, 1992; Slifer, Iwata, & Dorsey, 1984) , negative reinforcement (Alberto, Troutman, & Briggs, 1983) , teaching relaxation techniques (Luiselli, 1984) , and water misting (Dorsey, Iwata, Reid, & Davis, 1982; Peine, Liu, Blakelock, Jenson, & Osborne, 1991) . Of the 26 studies in this category, only 7 directly measured social validity. The studies in this category overwhelmingly reported that maladaptive behaviors were reduced or eliminated. Patterns were evident in the dates of the research, with over half the studies conducted before 1985. The majority of the target behaviors fell into the subcategories of self-injurious behavior and aggression.
COMMUNICATION STUDIES
Of the 17 studies on the theme of communication, 7 were published from 1986 to 1995, and 10 were published from 1996 to 2006. Again, several researchers wrote multiple articles in this theme area. Most of the research settings were based in communities or in classrooms; about one-third were residential or institutional. Of the 42 participants in these studies, 21 were aged 12-21, 16 were aged 5-11, and 5 were older than age 22. Only 4 participants were identified as having CRS; other etiologies were CHARGE and Down syndrome. The types of singlesubject designs for this theme were multiple baseline, withdrawal, and AB.
All the studies of children included those who were functioning at the presymbolic level of communication, although a few included children with emerging symbolic language (sign language, spoken words, printed words, picture symbols, and object symbols). All five adults who were studied were developmentally delayed and functioned at the presymbolic level of communication. Several communication interventions were used in this category: microswitches or augmentative and alternative communication (AAC) devices (Hunt, Alwell, Farron-Davis, & Goetz, 1996; Lancioni et al., 2002; Schweigert, 1989) ; teacher-, staff-, or peer-planned responses (Gaylord-Ross, Park, Johnston, Lee, & Goetz, 1995; Janssen, Riksen-Walraven, & van Dijk, 2002 , 2003 MathyLaikko et al., 1989; Romer & Schoenberg, 1991; Van Hasselt et al., 1989) ; peer mediation or intervention (Romer, White, & Haring, 1996) ; object symbols (Turnell & Carter, 1994) ; and dualcommunication boards Heller, Allgood, Davis et al., 1996; Heller, Allgood, Ware, Arnold, & Castelle, 1996; Heller & Ware, 1994) . Of the 16 studies in this group, 9 directly measured social validity. Most of the studies in this theme area were conducted from 1986 to 1995, and only 4 were conducted from 2002 to 2006.
STUDIES ON DAILY LIVING SKILLS
Eight studies on the theme of daily living skills were published from 1980 to 1994. One author contributed four articles in this theme area. The majority of studies were conducted in residential settings, and one study was conducted in a classroom. Of the 21 participants in these studies, 11 were aged 6 -11 and 10 were aged 12-21. Seven participants were identified as having either CRS (n ϭ 4) or prematurity (n ϭ 3) as their etiology. Designs that were used in this theme area included multiple baseline, withdrawal, and multiple probe.
The dependent variables were diverse, including toilet training (Lancioni, 1980; Luiselli, 1994) , self-feeding (Luiselli, 1988a (Luiselli, , 1988b (Luiselli, , 1993 Sisson & Dixon, 1986) , developing leisure skills (HamreNietupski, Nietupski, Sandvig, Sandvig, & Ayres, 1984), and preparing foods (Taylor, 1987) . Independent variables in this group included using edibles and praise to teach toilet training (Lancioni, 1980) ; pairing signs and scheduling with edibles and praise to teach toileting (Luiselli, 1994) ; using systematic training with praise and a "story tape" to teach self-feeding (Sisson & Dixon, 1986) ; physical prompting, backward chaining with sign language, pacing, praise, and edible reinforcement to teach self-feeding (Luiselli, 1988a (Luiselli, , 1993 ; tactile recipe cards and training to teach how to prepare foods (Taylor, 1987) ; and signed cues with audiotape and headphones to teach leisure skills (Hamre-Nietupski et al., 1984) . Of the eight studies, three reported social validity measures. Overall, the majority of the studies were conducted between 1986 and 1994, and no studies were conducted after 1994. Over half the participants were younger than age 11, which correlated with topics of selffeeding and toileting.
VOCATIONAL STUDIES
The three studies on the theme of vocation were published from 1989 to 1998. One researcher had written additional articles on deaf-blindness in other theme areas, but all the studies in this theme area were by different authors. The research settings included a residential workshop, a room in a controlled environment, and an office. Of the three participants in these studies, two were aged 12-21, and one was older than age 22. Two participants were identified as having CRS. Independent variables in this category included using a tactile task schedule (Berg & Wacker, 1989) , having ongoing support from a coworker (Lancioni, Olivia, & Bartolini, 1990) , and engaging in onsite versus traditional vocational assessment to identify work preferences (Parsons, Reid, & Green, 1998 ). All three studies described elements of social validity for the participants.
Discussion
The purpose of this review of the literature was to determine the existence of single-subject studies on people who are deaf-blind that were published in peerreviewed journals. By its nature, the lowincidence, heterogeneous field of deafblindness cannot use strictly randomized group designs to establish lines of evidence that support existing and emerging practices. The single-subject-design methodology has been recognized as a valid means of establishing experimentally based evidence for practice . In their concluding recommendations for examining the results of singlesubject research to create evidence-based practices, Horner et al. suggested that a body of evidence begins to develop for a "practice" or "intervention" on the basis of experimental control across studies, researchers, and participants to build confidence in the effects of the intervention. This study represents an initial exploration of single-subject studies that were conducted so that researchers and practitioners may continue to build on rigorous and socially valid approaches for intervention with people who have dual sensory impairments.
IMPLICATIONS OF BEHAVIORAL STUDIES
The behavioral intervention studies represent the largest number in this initial foray into the peer-reviewed literature on deaf-blindness. The majority of the studies that addressed behavior focused on eliminating extreme maladaptive behaviors that had caused blindness, physical injury to self and others, or destruction of clothing and property, often resulting in severe restrictions of or restraints on the persons. Studies have shown that CRS can create behavioral difficulties for individuals, which may be the reason why many of the earliest studies were designed to address behavioral problems of individuals who are deaf-blind. After 1985, research that demonstrated various strategies to eliminate severe behaviors in participants who were deaf-blind diminished greatly. The most recent reported behavioral studies (Oliver et al., 1998; Umbreit, 1997) acknowledged the communication aspect of aberrant behaviors and reported using attention, joint interaction, and increased individual control to teach alternate behaviors.
Concurrent with a decline in the use of single-subject research designs to eliminate maladaptive behaviors, there has been an upsurge in research on developing adaptive behaviors, such as communication and independent living skills. This shift demonstrates changes that have occurred in the social, educational, and service environments. Viewing and interpreting maladaptive behaviors as communication or as a need for meaningful activity emerged as a theme across all the studies in this theme area.
IMPLICATIONS OF COMMUNICATION STUDIES
Particularly within the theme of communication, there are indications of an emerging pattern in the use of some types of interventions with children with deaf-blindness. One pattern is support for the use of augmentative communication technology, including microswitches, to develop contingency awareness for communication purposes. Schweigert's (1989) withdrawal design with a 7-year-old child with multiple disabilities, including deaf-blindness; Hunt et al.'s (1996) peer training and use of AAC devices; and Lancioni et al.'s (2002) study with an adult with multiple disabilities using switch activations for communication all support the use of microswitches and AAC devices for developing meaningful communication exchanges for some individuals with deaf-blindness who have additional disabilities.
Several studies that targeted communication offered evidence for support from communication partners at community work sites, home environments, residential environments, and schools (GaylordRoss et al., 1995; Janssen et al., 2002 Janssen et al., , 2003 Janssen et al., , 2006 Mathy-Laikko et al., 1989; Romer et al., 1996; Van Hasselt et al., 1989) . Although all the studies in this theme area emphasized the dyadic nature of communication behaviors across partners, several studies emphasized altering the communication environment by changing the types of communication behaviors and reinforcement offered by teachers, caregivers, staff members, coworkers, and peers.
Finally, the use of dual-communication boards at community-based work sites represents a replicated practice for enhancing communication exchanges for students with deaf-blindness across work settings Heller, Allgood, Davis et al., 1996; Heller, Allgood, Ware et al., 1996; Heller & Ware, 1994) . Social validity for the students, coworkers, and supervisors was also comprehensively reported for this practice.
LIMITATIONS
This review of the literature focused narrowly on one research methodology related to deaf-blindness. Single-subject design is appropriate for answering some, but not all, research questions. Another limitation of the study was the number of search engines used to locate these studies. Other search engines, additional personal communication with authors, and more time would undoubtedly have yielded more studies. The heterogeneity of deaf-blindness is reflected in the variety of descriptors used by the researchers to describe the combined vision and hearing loss of the participants; that dual sensory losses were often listed among other disability labels made it challenging to identify deaf-blindness as a category. Examining more studies that have been conducted with participants who have multiple disabilities may reveal other interventions that have been used with people who are deaf-blind. In addition, this study was qualitative in nature, which limits the generalizability of the findings. Future researchers should conduct metaanalyses of the single-subject studies, which may provide quantitative data on different measures and outcomes.
Conclusion
Beyond a strictly scientific lens, the studies that were reviewed here indirectly offer a window into the emerging field of deaf-blindness and must be examined in a historical context. A variety of approaches that were used represent practices that reflect the philosophy of the time during which the studies were conducted. For current practitioners, these findings offer initial information about the types of replicated interventions that have been effective with some students who are deaf-blind with additional disabilities, particularly in the area of communication studies. The findings may also serve as an outline for future research, based on the dearth of studies of a particular intervention, setting, and social validity of a teaching strategy or with participants who are deaf-blind without additional disabilities.
In the cycle of research creation, many have recognized that descriptive, qualitative, or correlational studies are necessary to develop a framework for effective, relevant interventions (Gersten et al., 2004; Odom et al., 2005) . This type of exploration of single-subject designs in the area of deaf-blindness compels practitioners and researchers to explore further other types of qualitative, correlational, and mixed-methodology research to provide a focus for essential experimental research. Because of the low incidence of deafblindness, a cross section of practitioners, researchers, consumers, and families must collaborate to create a mosaic of evidence-based approaches for education and rehabilitation. The small size of the field of deaf-blindness may facilitate close collaboration within the field as a whole and accelerate planning for experimental research using single-subject designs to validate the most effective educational and rehabilitation practices in a way that meets external and internal demands for more scientific rigor in supporting and creating valid interventions.
